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INTRODUCTION 

I n  an e a r l i e r  paper (1) a method w a s  proposed f o r  solving the  m u l t i -  

copy t r a f f i c  assignment problem for urban street  and highway networks. 

nethods becomes computationally d i f f i c u l t  f o r  more than two copies. Therefore 

the  following approach i s  proposed f o r  solving t h i s  problem. 

r e s t c t ed  t o  ex2edite t he  discussion. 

The 

The problea is  

To r e a l i s t i c a l l y  represent, t r a v e l  t i n e s  a l i n e a r  t r a v e l  t i m e  function 

i s  proposed as follows: 

where 

t = l i n k  t r a v e l  time i n  hours per vehicle 

a = constant representing t r a v e l  time a t  free ’ flow conditions 

a = empirically derived constant 2 

V = l i n k  volume i n  vehicles per  l i n k  per  hour. 

The t o t a l  t r a v e l  t i m e  spent on each l i n k  is  now obtained by multiplyisg 

equation (1) by the  t ra f f ic  .volume V. Thus, t he  equation f o r  t o t a l  l i n k  

t r a v e l  t i m e  i s  as follows: 

. 2 ti = a V + a2V 1 
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Thus, a l i n e a r  l i n k  t r a v e l  t i n e  function produces a non-linesr t o t a l  t r a v e l  

t i m e  function. A copy is  defined i n  terms of dest inzt ions,  thus a problem 

with th ree  p r inc ip l e  dest inat ions i s  termed a three  copy network regardless  

of t he  number of or ig ins .  

Problem Formulation 

To formulate the  problem, t h e  following notat ions a re  used and which 

represent  quan t i t i e s  f o r  each copy: 

(n,m) = represents t he  nodes (n  = 0,1,2 ,..., I?; m = 0,1,2 ,... ,W) 
V(n’m) = the  number of  vekicles en ter ing  at  the  node ( n , d  

= the  nmber  of vehicles t r ave l ing  i n  the  hor izonta l  
. di rec t ion  from the node (n,m> towards node (n,m+l) e’”’ = the  number of vehicles t rEvel ing i n  t he  v e r t i c a l  

d i r ec t ion  from the node (n,m> towards node (n+l,m) 

P(n’m) = f r ac t ion  of t h e  vehicles enter ing node (n,m) t h a t  leave 
on the  hor izonta l  l i n k  

at the  node (n,m). 

To include the e f f e c t s  of other  copies the  following terms are  defined: 

VH(n’m) = the  t o t a l  numb r o 

VV(n’m) = the  t o t a l  numb r o 

vehicles on the  sane l i n k s  i n  the  same e f  di rec t ion  as Kn’m ,on a l l  o the r  copies 

d i rec t ion  as @’m’, on a l l  o ther  copies. 
vehicles  on the  szze l i nks  i n  the  same 

Using t h e  above notat ions the  f r ac t ion  of t h e  volume of t r a f f i c  a t  t he  

node (n,m) which t r a v e l s  i n  the  hro izonta l  d i r ec t ion  can be expressed as: 

and consequently , 
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”he t o t a l  time required t o  t r a v e l  the  network i s  given by: 

where 

P(n’r4) = 0.0 and therefore  

P(Rpm) = 1,O and therefore  

= 0.0, ( n  = 0,1,2 ,..., N )  

= 0.0, (m = 0.1,2 ,..., M ) ,  

(n’m), gym) = t he  constants associated with the  v e r t i c a l  v1 and where a 

s t r e e t s  from the  node (n,m) t o  (n+l,m) 

(n’m) (n’m) = t he  constants associated with t h e  hor izonta l  aHi > aH2 

s t r e e t s  from the  node (n,m) t o  (n,m+l). 

T o  summarize, the  problem i s  one of ninimizing T ,  given by equation 

( 5 ) ,  by f inding su i t ab le  values of P (n,m) (n = 0,1,2, ..., N ;  m = 0,1,2 ,..., M) 
f o r  each copy. 

Solution Procedure 

The determination of an optimal assignment f o r  copy one of a s t r e e t  network 

is accomplished as follows : 

STEP 1: Label t he  des t ina t ion  as node (N,M) and divide the  network i n t o  K 

s tages  i n  the  following manner: 

Kth stage: All t h e  routes t h a t  form a rectangle  whose 

diagonal is formed by nodes (IT-1,M-1) and ( N , M )  . 
(K-lIth stage: A l l  the  routes t h a t  form a rectangle  whose 

diagonal is  formed by nodes (N-l,M-2) and (N,M) .  
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(K-2lth stage: All t he  routes t h a t  form a rectangle whose 

diagonal is forned by nodes (N-2 ,N-1)  axid (N,K) 

and any other routes t h a t  were included i n  the  

. 
. . . 

lSt stage: All t h e  routes t h a t  form a r e c t m g l e  whose 

diagonal is  fomed by nodes (0,O) and ( N , M )  and 

any other  routes t h a t  were included i n  t h e  

previous s tages .  

Figure 1 shows a s t e p  by s t e p  procedure of dividing a 3 x 3 

network i n t o  nine stages.  

with hatch marks should be included i n  the s tages  but are 

It is  noted’ ths t  t h e  nodes covered 

excluded i n  the  computation s ince they do not a l ter  the  value 

of P(n’m) when determining the  minimum t r a v e l  t i m e .  I f  the  

dest inat ion i s  an i n t e r i o r  node, the problem i s  divided i n t o  

quadrants using t h i s  node as t h e  center.  Each quadrant i s  considered 

8 separate problem where the  l i n k  volumes on the  boundary l i nks  

f r o m t h e  other  quadrants are considered as inputs  t o  the  quadrant 

being studied. These inputs  are VH (n,m) and W (n,m) i n  equation ( 5 ) .  

STEP 2: Assume i n i t i a l  value, f o r  example 0.5, for  a l l  P (n’m), t he  

f r ac t ion  of vehicles at  node (n,n) t h a t  travel.  i n  t h e  horizontal  

d i rec t ion  towards the  node (n,m+l) with the  following exceptions : 

= 0.0, n = 0,1,2,...,N ,(n ,MI  

and €’(N’m) = 1.0, m = 0,1,2 ,..., M . 
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For the  first copy set  Vi (n9m)  = W(n’m) = 0. 

values are determined from from the  other  

T’ne succeeding 

copies. 

With these values of P (n’m), start from t h e  node (0,O) and 

Cietermine the  number of vehicles on a l l  t he  routes . ’  Tnis i s  done 

STEP 3: 

f o r  a l l  nodes (n,m) by t h e  following recursive relzt ionships  

Tnese numbers must be in teger ,  i f  not ,  they me rounded t o  t h e  

nearest  in teger .  

STEP 4: With t h e  vehicles loads as determined i n  s t e p  3 by equation ( 6 ) ,  
t h  start at the  k 

the  number of vehicles enter ing the  k s tage Z 

determine the  new value of P ( i ’J)  a t  t h i s  node t h a t  minimizes the  

s tage ,  which represents node ( i , J )  and by keeping 

constant,  t h  ( i , j )  

(i,j)(or +LJ))  in 
H t o t a l  t r a v e l  t i n e  f o r ’ t n i s  s tage by changing X 

equation (7) which i s  obtained from equation (51, 

(7)  

The previous value of P is  replaced with the  new value of 

and the  number of vehicles on all t h e  routes at t h i s  s tage 

are adjusted according t o  equation (6)  fo r :  
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(n  = i, i+l,.. ., N ;  m = j , J - k l ,  ..., M). 
Note t h a t  only one value of P (n’m), t h a t  is P(i ” )  is adjusted 

a t  each stage.  Proceed t o  the  next s tage and repeat t h e  process. 

The process i s  repeated f o r  a l l  stages u n t i l  new values f o r  all 

P(” have been determined. 

One i t e r a t i o n  i s  now completed. 

i t e r a t i o n  are compared t o  the  corresponding values from the  

previous i t e r a t i o n .  

s ign i f i can t ly  on two successive i t e r a t i o n s  t h e  answer is  considered 

optimal f o r  tinis copy. If they do d i f f e r  significantLy, go t o  s t e p  

3 using these new values of t h e  P(n’m) as t h e  i n i t i a l  values and 

STEP 5 :  The values of P (n’m) from t h i s  

When the  values of P (n’m) do not d i f f e r  

repeat  the  procedure u n t i l  an optimal solut ion i s  obtained 

for  t h i s  copy. 

STEP 6: Tne above procedure, s t e p  1 tinru s t ep  5 ,  i s  repeated f o r  t he  re- 

maining copies where the  new values of VH (n’m) and W (n ,a) aye 

and X(n’m)  from the  previous copies. One V computed from 

pass i s  completed when a solut ion f o r  each copy has been obtained. 

The e n t i r e  procedure is repeated as many t i n e s  as necessary s t a r t i n g  

with the  first copy u n t i l  t he  t o t a l  t r a v e l  t i m e  f o r  a l l  copies does 

not d i f f e r  s ign i f i can t ly  on two successive passes. 

occurs an optimal’ solut ion has been obtained. 

When t h i s  

The method proposed i n  (1) f o r  solving the  nulticopy t r a f f i c  assignment problem 

becomes computationally d i f f i c u l t  when there  are severa l  nodes and copies. 

The proposed method provides a p r a c t i c a l  method f o r  obtaining the  optimal 

solut ion t o  these problems. 
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